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© A magnetoresistive (MR) sensing system com- 
prises an MR sensor 20 with a layered spin valve 
structure including thin first 28 and second 34, 38 
layers of ferromagnetic material separated by a thin 
layer 32 of nonmagnetic metallic material. The mag- 
netization direction of the first layer at a zero applied 
magnetic field is substantially parallel to the longitu- 
dinal dimension of the MR sensor and substantially 
perpendicular to the fixed or "pinned" magnetization 
direction of the second layer. A thin keeper layer 24 
of ferromagnetic material is separated by a thin 
spacer layer 26 from the layered spin valve struc- 
ture. This keeper layer has a fixed magnetization 
direction substantially opposite that of the second 
layer and a moment-thickness product substantially 
equal to that of the second layer for cancelling the 
magnetostatic field from the second layer. A current 
flow is produced through the MR sensor to produce 
a magnetic field of a sign and magnitude which 
cancels the ferromagnetic exchange coupling be- 
tween the first and second layers. Variations in re- 
sistivity of the MR sensor due to difference in rota- 
tion of the magnetizations in the first and second 
layers are sensed as a function of the magnetic field 
being sensed. 
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This invention relates to a magnetoresistive 
sensor such as that used in high-performance mag- 
netic random access disk drives. 

Commonly assigned U.S. Patent 5,159,513 dis- 
closes a magnetoresistive (MR) sensor that utilizes 
the spin valve effect. The sensor comprises a rec- 
tangular multi-layered structure deposited on a 
glass or other suitable substrate. The multi-layered 
structure includes a "free" layer of soft magnetic 
material and a "pinned" layer in which the mag- 
netization is fixed in a direction parallel to the width 
of the sensor by use of a hard magnetic material 
as the first layer or, if preferred, by use of an 
antiferromagnetic layer to pin the first layer by 
exchange coupling. The free and pinned layers are 
separated by a thin nonmagnetic metallic spacer 
layer, such as of copper. The magnetization of the 
free layer is normally in a direction along the length 
of the sensor, but is free to rotate therefrom in a 
positive or negative transition direction through an 
angle determined by the magnitude of the mag- 
netic field being sensed. 

In a spin valve structure, the change in resis- 
tance is proportional to the change in the angle 
between the directions of the magnetization in the 
two magnetic layers (i.e., the free layer and the 
pinned layer). The change in resistance of this 
multilayered structure relative to a constant back- 
ground value is then proportional to sin Q averaged 
over the height of the sensor, where as heretofore 
indicated, 0 is the angle of the magnetization in the 
free layer with respect to the longitudinal axis of 
the sensor. Because the resistance change is pro- 
portional to sin 0, the signal produced by the 
sensor will be linear throughout the applied field for 
small field values. However, the sensor output be- 
comes nonlinear when the free layer is magnetical- 
ly saturated during a positive or negative excursion 
of the applied field and thus limits the peak-to-peak 
signal that can be produced by the sensor. 

The ideal quiescent magnetic state for the sen- 
sor is achieved when e = 0 over the entire height 
of the free layer. This ideal quiescent state is that 
which is furthest from magnetic saturation under 
both positive and negative field excitations. It gen- 
erates an ideal bias profile that maximizes the 
linear dynamic range to provide a larger signal 
output and/or improved linearity. However, this 
ideal bias profile cannot be achieved with spin 
valve structures disclosed in this cited patent or 
any other prior art known to applicants. This inabil- 
ity to obtain the ideal bias profile is due mainly to 
the flux coupling between the pinned layer and the 
free layer and by the field produced by the current 
that flows through and normal to the various layers 
of the spin valve structure. Attempts to balance out 
these undesirable effects by adjusting the current 
direction and placement of the spin valve structure 



in the gap resulted in a very nonuniform bias 
profile. 

Accordingly, the invention provides a mag- 
netoresistive (MR) sensor comprising: 
5 a layered spin valve structure including first 

and second layers of ferromagnetic material sepa- 
rated by a layer of nonmagnetic metallic material, 
the magnetization direction of said first layer at a 
zero applied magnetic field being substantially par- 
10 allel to the longitudinal axis of the sensor and 
substantially perpendicular to a fixed magnetization 
direction of said second layer; 

and characterised by: 

a spacer layer of nonmagnetic material; and 

15 a keeper layer of ferromagnetic material sepa- 

rated by the spacer layer from the layered spin 
valve structure and having a fixed magnetization 
direction substantially opposite that of said second 
layer and a moment-thickness product substantially 

20 equal to that of said second layer for cancelling a 
magnetostatic field from the second layer. 

Such an MR sensor element permits a spin 
valve structure in which the ferromagnetic ex- 
change coupling and the field produced by the 

25 current are constant across the entire MR element 
so that their effects can be appropriately cancelled. 

A magnetoresistive (MR) sensing system can 
therefore be derived comprising an MR sensor with 
a layered spin valve structure including thin first 

30 and second layers of ferromagnetic material sepa- 
rated by a thin layer of nonmagnetic metallic ma- 
terial. The magnetization direction of the first layer 
at a zero applied magnetic field is substantially 
parallel to the longitudinal dimension of the MR 

35 sensor and substantially perpendicular to the fixed 
or "pinned" magnetization direction of the second 
layer. A thin keeper layer of ferromagnetic material 
is separated by a thin spacer layer from the lay- 
ered spin valve structure. This keeper layer has a 

40 fixed magnetization direction substantially opposite 
that of the second layer and a moment-thickness 
product substantially equal to that of the second 
layer for cancelling the magnetostatic field from the 
second layer. A current flow is produced through 

45 the MR sensor to produce a magnetic field of a 
sign and magnitude which cancels the ferromag- 
netic exchange coupling between the first and sec- 
ond layers. Variations in resistivity of the MR sen- 
sor due to difference in rotation of the magnetiz- 

50 ations in the first and second layers are sensed as 
a function of the magnetic field being sensed. 

In a first preferred embodiment, the sensor 
includes a substrate, and the keeper layer has a 
coercivity substantially equal to that of said second 

55 layer and substantially higher than that of said first 
layer and is disposed between the substrate and 
first layer. In another embodiment, the sensor also 
includes a substrate, and the keeper layer has a 
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coercivity substantially equal to that of said first 
layer and substantially less than that of said sec- 
ond layer and is disposed between the substrate 
and first layer. In yet another embodiment, the 
second layer is between the first layer and keeper 
layer, and the keeper layer is of a magnetic ma- 
terial having a coercivity substantially equal to that 
of the second layer. 

If the first layer is between the keeper layer 
and the second layer, then the keeper layer may 
be of either a hard or soft ferromagnetic material. If 
the second layer is between the keeper layer and 
the first layer, then the keeper layer must be of a 
hard ferromagnetic material. 

An embodiment of the invention will now be 
described in detail by way of example, with refer- 
ence to the following drawings: 

Rg. 1 depicts curves showing magnetization 
profiles of a prior art spin valve structure under 
a quiescent bias state and how this state 
changes as a result of positive and negative 
excitations from transitions on a magnetic stor- 
age disk. 

Fig. 2 depicts a transfer curve for the spin valve 
sensor of Fig. 1. 

Fig. 3 is a schematic diagram of a random 

access magnetic disk storage device. 

Fig. 4 is an exploded perspective view of one 

configuration of an MR sensor embodying the 

invention. 

Fig. 5 is a schematic diagram of an MR sensory 
system including the MR sensor of Fig. 4. 
Fig. 6 is an exploded perspective view of an 
alternative configuration of an MR sensor em- 
bodying the invention. 

Fig. 7 depicts a transfer curve for an MR sensor 
constructed according to Figure 5 or Figure 6. 
Fig. 1 depicts magnetization profiles generated 
by magnetic read heads having a spin valve struc- 
ture or configuration as taught by the cited prior 
art. It plots values of sin e against sensor height 
starting from the air bearing surface (ABS). Mag- 
netization profiles A and B depict those generated 
during positive and negative excitations, respec- 
tively, during sensing of a magnetic transition on a 
disk; whereas the middle curve C represents the 
quiescent bias state and represents an optimal 
magnetic profile. Note that the free layer begins to 
saturate at a particular point for each polarity of 
excitation; i.e., where sin 9 = ± 1. 

Fig. 2 is a transfer curve for the spill valve 
sensor of Fig. 1, in which changes in <sin 8>, the 
average of sin 6, are plotted against the magnetic 
field being sensed. This configuration provides a 
maximum peak-to-peak change in <sin 9> before 
onset of saturation of 0.77. Note that the curve 
becomes abruptly nonlinear at the onset of satura- 
tion, undesirably limiting the peak-to-peak signal 
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available. 

As illustrated in Fig. 3, a magnetic disk storage 
system 10 comprises a rotatable magnetic disk 11 
supported on a spindle 12 and rotated by a disk 

5 drive motor 13. A composite magnetic inductive 
write/mag netoresi stive read head 14 is movable 
relative to the disk by an actuator means for writing 
and reading magnetic data on tracks (not shown) 
on the disk. As illustrated, the actuator means 

70 comprises a voice coil motor 15 that acts through 
an actuator arm 16, a suspension 17, and a slider 
18 to move the head 14 radially of the disk. 

As illustrated in Fig. 4, composite head 14 
comprises a rectangular magnetoresistive (MR) 

15 sensor element 20. MR sensor element 20 com- 
prises a suitable substrate 22, such as glass, ce- 
ramic or a semiconductor material, upon which are 
deposited a flux keeper layer 24 of a hard (such as 
CoCr) or soft (such as NiFe) ferromagnetic ma- 

20 terial, a spacer layer 26 of a nonmagnetic material 
(such as Ta), and a "free" layer 28 of soft fer- 
romagnetic material (such as NiFe). The easy axis 
of magnetization of layer 28 is along the length of 
the sensor element; i.e., in the direction of arrow 

25 30. However, the direction of magnetization of layer 
28 can rotate from its easy axis in a positive or a 
negative transition direction through an angle de- 
pendent upon the magnitude of the magnetic field 
being sensed. 

30 A spacer layer 32 of a nonmagnetic metallic 

material, such as copper, separates free layer 28 
from a "pinned" layer 34. The direction of mag- 
netization of layer 34 is fixed (see arrow 36) to be 
parallel to the height (i.e., short) dimension of the 

35 sensor element 20, such as by exchange coupling 
with an antiferromagnetic layer 38. In such case, 
the coercivity of keeper layer 24 should be sub- 
stantially equal to that of the pinned layer 34, as 
well as substantially higher than that of free layer 

40 28. However, if preferred, layer 38 may be elimi- 
nated provided layer 34 is of a sufficiently hard 
magnetic material or has sufficiently high an- 
isotropy to retain its magnetization during state 
switching operations. In this case, the coercivity of 

45 the keeper layer 24 should substantially equal that 
of the free layer 28 and be substantially less than 
that of pinned layer 34. 

The sensor element 20, as thus far described, 
is substantially identical with that described in the 

50 above-cited patent except for the addition to the 
spin valve structure of the keeper layer 24 and 
spacer layer 26, keeper layer 24 has a direction of 
magnetization which is opposite to that of the 
pinned layer 34 and its moment-thickness product 

55 is chosen to be substantially equal to that of the 
pinned layer. Layer 24 acts as a magnetic keeper 
for the saturated pinned layer 34 and cancels the 
magnetostatic field from the pinned layer. 

3 
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The ferromagnetic exchange coupling between 
free layer 28 and pinned layer 34 acts on the free 
layer as an effective field in the same direction as 
the magnetization in the pinned layer. 

The sign of the current from a current source 
48 (Fig. 5) is chosen to produce a field in the free 
layer 28 which cancels this exchange field. Thus, 
as illustrated, the current must be in the direction 
of arrow 40 so that its field acting on free layer 28 
is opposite to the direction of the effective fer- 
romagnetic exchange field. The magnitude of the 
field from the current depends upon the magnitude 
of the current and the placement of the sensor 
element 20 in the gap between conventional mag- 
netic shields (not shown) that minimize the effects 
of stray magnetic flux that would decrease the 
resolution of the read back signal. The current 
magnitude and position of the sensor element can 
be adjusted in combination to produce the desired 
degree of cancellation of the effective exchange 
field. 

With the magnetostatic field from the pinned 
layer 34 cancelled by keeper layer 24, and the 
ferromagnetic exchange and sense current fields 
also cancelled, free layer 28 will have no effective 
bias field acting on it. Free layer 28 will therefore 
achieve a uniform, unbiased (i.e., substantially zero 
angle bias) state. As a result, the sensor element 
20 can be driven with larger excitations from mag- 
netic disk 1 1 before magnetic saturation, and there- 
by provide a larger peak-to-peak signal than is 
possible with prior known MR sensors. 

With a sensor element 20 of the type illustrated 
in Fig. 4, wherein the keeper layer 24 is adjacent to 
substrate 22, the keeper layer may, as earlier 
noted, be of either a soft or a hard ferromagnetic 
material. The field from a current in the direction of 
arrow 40 will cause a keeper layer of soft magnetic 
material to be saturated in a flux closed configura- 
tion with pinned layer 34; whereas if the keeper 
layer is of a hard magnetic material, it must have a 
direction of magnetization opposite to that of the 
pinned layer, as shown by arrow 41 in Fig. 4. 

As shown in Fig. 5, a capping layer 42 of a 
high resistivity material, such as Ta, is deposited 
over antiferromagnetic layer 38 of MR sensor ele- 
ment 20. Then electrical heads 44, 46 are provided 
on layer 42 to form a circuit path between the MR 
sensor element 20, current source 48 and sensing 
means 50. 

Source 48 produces a current flow through the 
MR sensor element 20 to generate a magnetic field 
of a size and magnitude which cancels the fer- 
romagnetic exchange coupling between the free 
layer 28 and pinned layer 34. Sensing means 50 
senses variations in resistivity of the MR sensor 
element 20 due to differences in rotation of the 
magnetizations in the free and pinned layers 28, 



34, respectively, as a function of the magnetic field 
being sensed. 

According to an alternative embodiment and as 
illustrated in Fig 6, in sensor element 20', keeper 

5 layer 24 and spacer layer 26 are positioned remote 
from (instead of adjacent) the substrate 22. In such 
event, since a current in the direction of arrow 40 
will produce a field in keeper layer 24 whose 
direction is the same as the direction of magnetiz- 

70 ation of pinned layer 34, keeper layer 24 must be 
of a magnetically hard material, such as CoCr, 
having a coercivity substantially equal to that of 
pinned layer 34 or of a material with high an- 
isotropy or otherwise suitably pinned in order to 

15 retain its magnetization in the opposite direction to 
oppose this field. With this embodiment, capping 
layer 42 will be interposed between keeper layer 
24 and leads 44, 46. 

Fig. 7 depicts a transfer curve for an MR 

20 sensor element having a spin valve structure ac- 
cording to either of the above described embodi- 
ments. This curve plots <sin 6> (the average of sin 
$) against the magnetic field being sensed and 
shows that the maximum peak-to-peak signal 

25 change in <sin Q> has improved to 1.02 from the 

0. 77 which is shown in Fig. 2 and represents that 
of the prior art. It has been established that an 
average sin Q = 1 is substantially the best achiev- 
able at the air bearing surface (ABS) of the disk 

30 with a shielded spin valve sensor. 

Claims 

1. A magnetoresistive (MR) sensor (20) compris- 
35 ing: 

a layered spin valve structure including 
first (28) and second layers (34, 38) of fer- 
romagnetic material separated by a layer (32) 
of nonmagnetic metallic material, the magne- 
to tization direction of said first layer at a zero 
applied magnetic field being substantially par- 
allel to the longitudinal axis of the sensor and 
substantially perpendicular to a fixed magnetiz- 
ation direction of said second layer; 
45 and characterised by: 

a spacer layer (26) of nonmagnetic ma- 
terial; and 

a keeper layer (24) of ferromagnetic ma- 
terial separated by the spacer layer from the 

50 layered spin valve structure and having a fixed 

magnetization direction substantially opposite 
that of said second layer and a moment-thick- 
ness product substantially equal to that of said 
second layer for cancelling a magnetostatic 

55 field from the second layer. 

2. The sensor of claim 1, including a substrate 
(22), and wherein the keeper layer has a coer- 
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civity substantially equal to that of said second 
layer and substantially higher than that of said 
first layer and is disposed between the sub- 
strate and first layer. 

5 

3. The sensor of claim 1, including a substrate 
(22), and wherein the keeper layer has a coer- 
civity substantially equal to that of said first 
layer and substantially less than that of said 
second layer and is disposed between the w 
substrate and first layer. 

4. The sensor of claim 1, wherein the second 
layer is between the first layer and keeper 
layer, and the keeper layer is of a magnetic 15 
material having a coercivity substantially equal 

to that of the second layer. 

5. A magnetoresistive (MR) sensing system com- 
prising: 20 

an MR sensor (20) as claimed in any pre- 
ceding claim; means (48) for producing a cur- 
rent flow through the MR sensor to produce a 
magnetic field of a sign and magnitude which 
cancels the ferromagnetic exchange coupling 25 
between said first and second layers; and 

means (50) for sensing variations in re- 
sistivity of the MR sensor due to difference in 
rotation of the magnetizations in said first and 
second layers as a function of the magnetic 30 
field being sensed. 

6. A magnetic storage device (10) comprising: 

at least one rotatable magnetic recording 
disk (11) onto which data can be written and 35 
from which data can be read; 

at least one magnetic transducer associ- 
ated with each disk, each transducer (18) com- 
prising a magnetoresistive (MR) sensor as 
claimed in any of claims 1 to 4; 40 

means (48) for producing a current flow 
through a selected MR sensor to produce a 
magnetic field of a sign and magnitude which 
cancels the ferromagnetic exchange coupling 
between the first and second layers of that 45 
selected sensor; and 

means (50) for sensing from data read 
from an associated disk variations in resistivity 
of the selected MR sensor due to difference in 
rotation of the magnetizations in said first and so 
second layers as a function of the magnetic 
field being sensed. 
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